To determine, over time, the rate and serotypes of pneumococci with reduced penicillin susceptibility obtained from children with invasive infection. DESIGN: Active, hospital-based, multicentre surveillance spanning from 1991 to 1998. SETTING: Eleven Canadian tertiary care paediatric facilities located from coast to coast. POPULATION STUDIED: 1847 children with invasive pneumococcal infection whose isolates (from a normally sterile site) were available for serotyping and standardized testing for penicillin susceptibility at the National Centre for Streptococcus. MAIN RESULTS: The prevalence of reduced penicillin susceptibility increased from 2.5% of 197 cases in 1991 to 13.0% of 276 cases in 1998. In the latter year, 8.7% of isolates had intermediate level resistance, and 4.3% had high level resistance. Since they were first detected in 1992, strains with high level resistance have been encountered only sporadically at most centres, but by 1998, all centres but two had encountered examples. Of 40 isolates with high level resistance and 101 isolates with intermediate level resistance, serotypes matched those included in new seven-valent conjugate vaccines for children in 97.5% and 79.2% of cases, respectively. CONCLUSIONS: Pneumococci with reduced susceptibility to penicillin are increasing in frequency across Canada among children with invasive infection. The Immunization Monitoring Program, Active data indicate that new conjugate vaccines could help to curb infections due to pneumococci with reduced susceptibility to penicillin but are unlikely to control completely the problem of antibiotic resistance.
I
nfections with Streptococcus pneumoniae (pneumococcus) are a leading cause of infection-related morbidity and mortality in children (1, 2) . Manifestations include middle ear and upper respiratory infections, pneumonia and invasive infections, including bacteremia and meningitis. The latter most often affect young children (1, 2) and those with various chronic conditions (2, 3) . The recent emergence of resistance to penicillin and other antibiotics (4) adds to the challenge of treating pneumococcal infections.
In Canada, antibiotic resistance has emerged more slowly than it did in the United States, but the gap is narrowing with time. National surveillance in the United States indicated rates of reduced susceptibility to penicillin (minimal inhibitory concentration [MIC] 0.1 µg/mL or greater) averaging 5.0% during 1979 to 1987 (5), but by 1993 to 1994, the rate had increased to 14.1% (6) . During 1997 to 1998, the rate had increased further to 29.5%, with 12.1% having high level penicillin resistance (MIC 2.0 µg/mL or greater) (7) . Another national survey (8) in 1997, which was limited to invasive isolates, reported that 25.0% had reduced susceptibility to penicillin (referring to both intermediate and high level resistance), and 13.6% were highly resistant. In both recent studies (7, 8) , the proportion of isolates with reduced susceptibility to penicillin varied significantly by region of the country, from 12.8% to 64.6%, and among hospitals within a region.
Canadian reports from the 1970s indicated a low rate of intermediate level penicillin resistance (MIC 0.1 to 1.0 µg/mL) among collected strains (9) and cases in children (10) . No increase was evident in surveys from Ontario (11) and Quebec (12) reported in 1989. By 1994, the rate of reduced penicillin susceptibility had increased in the Toronto area to 7.3%, and high level resistance was evident in 2.2% of isolates (13) . Canada-wide surveys subsequently showed further increases, with at least one reporting a statistically significant increase in high level resistance between 1992 and 1995 (14) . In serial surveys of respiratory isolates from 50 hospitals across the country, rates increased between 1994 and 1996 from 8.5% to 13.3% for reduced susceptibility, and from 2.1% to 4.4% for high level resistance (15) . Allowing for sample size effects, resistance rates were similar across the country. Another survey in 1997 (16) involving lower respiratory tract isolates from seven large Canadian hospitals showed that 30.2% of isolates had reduced penicillin susceptibility, and 8.4% were highly resistant. All of the hospitals encountered isolates with intermediate level resistance (rates ranging from 15.0% to 33.3%) but differed markedly in experiences with highly resistant isolates (rates ranging from 0% to 17%). Another survey (17) in 1997 involving eight Canadian tertiary care hospitals focused on bloodstream isolates, and 30.5% of isolates were reported to have reduced penicillin susceptibility, while American centres in the same survey reported a rate of 41%.
Limited information is available about invasive infections in children. A study of such infections carried out in 1995 in the Toronto area (18) reported reduced penicillin susceptibility in 11% of isolates. The Canadian Paediatric Society/Laboratory Centre for Disease Control Immunization Monitoring Program, Active (IMPACT) network of 10 children's hospitals across Canada (19) reported that 3.4% of invasive isolates encountered in 1994 had reduced penicillin susceptibility, with high level resistance in 1.3%, but almost all of the latter isolates were from hospitals in Montreal. Surveillance has continued at IMPACT centres, and results through 1998 are presented in this report. Of particular interest were the extent of increase in rates of intermediate and high level resistance, geographic distribution of nonsusceptible isolates, and their association with particular clinical syndromes and serotypes.
DATA AND METHODS
The survey was conducted by the 11 paediatric centres of the IMPACT (20, 21) . These academic centres are located from coast to coast, encompass about 85% of the tertiary care paediatric beds in Canada and manage over 90,000 inpatient admissions annually. Surveillance began at 10 centres in 1993, and extended retrospectively to January 1, 1991 (at nine centres) and prospectively to December 31, 1998 . An 11th centre contributed cases from January 1995.
Diminution de la sensibilité des pneumocoques à la pénicilline causant des infections invasives chez les enfants au Canada entre 1991 et 1998 OBJECTIF : Déterminer, au fil du temps, le taux et les sérotypes de pneumocoques présentant une diminution de la sensibilité à la pénicilline chez les enfants atteints d'infections invasives. PLAN D'ÉTUDE : Surveillance active, multicentrique, intrahospitalière, s'échelonnant de 1991 à 1998. LIEU : Onze établissements de soins tertiaires en pédiatrie, situés dans différentes villes au Canada, ont participé à l'étude. POPULATION À L'ÉTUDE : Des isolats (de lieux normalement stériles) obtenus de 1 847 enfants souffrant d'infections invasives à pneumocoques ont été envoyés au National Centre for Streptococcus à des fins de sérotypage et d'analyse normalisée pour déterminer la sensibilité à la pénicilline. PRINCIPAUX RÉSULTATS : La prévalence de la diminution de la sensibilité à la pénicilline est passée de 2,5 % sur 197 cas en 1991 à 13,0 % sur 276 cas en 1998. Au cours de cette dernière année, 8,7 % des isolats présentaient une résistance moyenne et 4,3 %, une forte résistance. Depuis leur découverte en 1992, les souches fortement résistantes ne s'étaient rencontrées que de façon sporadique dans la plupart des centres mais, à la fin de 1998, tous les centres sauf deux en avaient détecté la présence. Les nouveaux vaccins conjugués 7-valents destinés aux enfants contenaient les sérotypes de 40 isolats offrant une forte résistance et de 101 isolats offrant une résistance moyenne dans 97,5 % et 79,2 % des cas respectivement. CONCLUSION : La fréquence des pneumocoques présentant une diminution de la sensibilité à la pénicilline est en croissance partout au Canada chez les enfants atteints d'infections invasives. Selon les données du Programme de surveillance de l'immunisation active, les nouveaux vaccins conjugués pourraient freiner la progression des infections à pneumocoques moins sensibles à la pénicilline mais il est peu probable qu'ils résolvent entièrement le problème de l'antibiorésistance.
Invasive infection was defined by the isolation of S pneumoniae (pneumococcus) from a normally sterile site by the laboratory of a reporting centre. Eligible cases included outpatients, inpatients and those with hospital-acquired infections. Only one isolate per case was included.
At each centre, the IMPACT nurse monitor searched for cases using multiple overlapping methods, including periodic audits of hospital records. Details of case finding and reporting methods were previously published (20) . Monitors completed a standardized report for each case that included demographic information, nature of the presenting infection, sources of positive cultures, course in hospital and outcome. Case reports were assembled at the IMPACT data centre in Vancouver, where clinical and reference laboratory data were collated in a database.
Isolates were stored by hospital laboratories and forwarded regularly to the National Centre for Streptococcus in Edmonton, Alberta, where they were serogrouped and typed (14) according to the Danish nomenclature and screened for (24) . Only isolates that were tested at the reference centre are included in this report, representing 90.5% of cases encountered. Isolate referral rates were similar among the IMPACT centres and were consistent from year to year (data not shown). Statistical analyses were performed using SAS/STAT (SAS Institute, USA). χ 2 test, two-tailed, was used to compare proportional data. The study was approved by the research ethics board of each participating centre.
RESULTS
During the eight years surveyed, 1847 isolates were tested at the national reference centre, and 141 were classified as having reduced susceptibility to penicillin. As detailed in Figure 1 , isolates with intermediate level resistance were present at low frequency (2.5%) in 1991 and steadily increased to 8.7% of isolates in 1998. Isolates with high level resistance were detected first in 1992 and accounted for 4.3% of isolates in 1998. By 1998, the rate of reduced susceptibility to penicillin had increased to 13.0%. Table 1 summarizes the experience of individual centres. During 1997 to 1998, isolates with reduced susceptibility were consistently detected at every centre with an annual caseload of 15 or more. Isolates with high level resistance were present only sporadically during the survey period, but by 1998, all centres but two had encountered at least one example. The exceptions were Winnipeg, with a case total of 148 during the survey period, and St John's, with a case total of 15. Once detected at a particular centre, highly resistant strains did not necessarily reappear in following years. Only in Montreal and Toronto were such isolates consistently present during the last three years studied.
The proportion of isolates with reduced susceptibility to penicillin differed among the major presenting syndromes (Table 2 ) and was lowest among cases with bacteremia alone. The rate of high level resistance was higher in those presenting with pneumonia and bacteremia compared with those presenting with meningitis or bacteremia alone, a difference that was statistically significant. The presenting syndrome mix did not vary appreciably from year to year (data not shown).
Of the 40 isolates with high level penicillin resistance, 39 (97.5%) matched types in the new seven-valent conjugate vaccine (Table 3) , the exception being serotype 19A. Among the vaccine-type strains, high level resistance was most prevalent in serotypes 9V (13.9% of isolates) and 23F (9.2%), and was absent in types 4 and 18C ( (Table 3) .
DISCUSSION
The IMPACT data provide unique insight into the penicillin susceptibility of pneumococci causing invasive infection in children. It is the only surveillance system in Canada to focus exclusively on invasive pneumococcal infections in children. The data were collected actively by trained monitors in an effort to identify all cases, including those managed as outpatients. Participating centres admit over 90,000 children annually and have broad referral bases that span the nation from St John's to Vancouver. While all are tertiary care centres, most also provide all or most of the paediatric hospital services in the communities in which they are located, a fact that reduces referral bias in the observations. All available isolates were included in the survey to reduce selection bias. Including only isolates from normally sterile sites avoids the problem of inconsistent inclusion of pneumococci from sputum or the nasopharynx, which may possess different serotype and antibiotic resistance profiles. Bacteriological data are based on the results of standardized testing at the national reference centre, unlike our earlier report that relied on local test results (19) .
While the IMPACT data show a progressive increase in penicillin nonsusceptibility rates akin to other recent Canada-wide surveys (14) (15) (16) (17) , the rate observed in 1998 ( Figure 1 ) was lower by more than half compared with the other studies. Such a large discrepancy is unexpected, because population-based studies generally report similar (25) The rate of high level resistance to penicillin increased abruptly in 1996, although highly resistant isolates were first obtained in 1992. Initially, such isolates were limited to a few centres (Table 1 ) and a few serotypes, principally 9V and 14. Nearly half of all highly resistant isolates reported during the survey were from the two centres in Montreal, which reported 30.6% of all cases. By 1998, all centres except Winnipeg and St John's had encountered instances. The Winnipeg centre subsequently encountered its first highly resistant isolate in 1999, based on local test results. Once detected at a centre, isolates with high level resistance typically were encountered sporadically in subsequent years. Only two centres reported such isolates during each of the final three years of surveillance (Table 1) . Despite these variabilities, the IMPACT data indicate that it is reasonable to expect a rising rate of penicillin nonsusceptibility in pneumococci from children with invasive infection, and that risk appears to apply across Canada.
Caution is especially warranted with meningitis cases, because reduced susceptibility to penicillin was more prevalent among such cases than in children with bacteremia alone (Table 2) , consistent with other large paediatric series (26, 27) . Limited penetration of antibiotics into cerebrospinal fluid increases the odds that meningitis caused by strains with intermediate level resistance will be inadequately treated by penicillin or ampicillin (28) . Empirical coverage with vancomycin and one of cefotaxime or ceftriaxone has been recommended when pneumococcal meningitis is suspected (28) (29) (30) , pending culture results. The observation that high level resistance was most common among cases with bacteremic pneumonia may also be of practical value to clinicians. An explanation for this association was not apparent, because the serotypes in such cases were generally the same as in the other major syndromes (20) . However, patients with pneumonia are somewhat older than those with other syndromes (20) , possibly affording more opportunities to acquire resistant strains through exposure to antibiotics or other children.
A seven-valent pneumococcal conjugate vaccine suitable for use in infants and young children was recently licensed in Canada. As shown previously by the IMPACT surveillance system (20) , the serotypes included in this vaccine (ie, serotypes 4, 6B, 9V, 14, 18C, 19F and 23F) account for over 80% of the serotypes causing invasive diseases in the target age group. It is noteworthy that nearly all of the isolates with high level resistance that IMPACT and another surveillance system (14) encountered belonged to serotypes included in the new vaccine. The coverage was less complete among the isolates with intermediate level resistance; only 80% belonged to vaccine serotypes. Because colonization with vaccine serotypes appears to be reduced among vaccinated children (31, 32) , universal immunization programs may curb the spread of resistant organisms. Other new vaccines with nine (adding types 1 and 5) or 11 serotypes (adding also types 3 and 7F) would not improve coverage of the nonsusceptible isolates observed. However, the possibility exists of some cross-protection between 6B and 6A, and 19F and 19A (33) . If confirmed among vaccinated children, inhibition of colonization with 19A strains would add significantly to the containment of nonsusceptible pneumococci. The incomplete match with isolates of intermediate penicillin resistance means that new vaccines can provide only a partial remedy to the problem of antibiotic resistance.
